The use of viruses as microbial insecticides depends on the development of largescale virus production methods. Despite the advances in multiplying nuclear polyhedrosis (NP V) and granulosis (GV) viruses "in vitro", this method still has technical and economical limitations that prevent its use at commercial level (Shieh 1989 , Federici 1990 . The "in vivo" production of viruses experienced considerable progress with the improvement of insect rearing techniques (Shapiro 1986) , allowing the commercialization of viral insecticides, such as the NPV of Heliothis (Helicoverpa) spp. (Ignoffo & Couch 1981) , the NPV of Lymantria díspar L. (Hüber 1986) , and the GV of Cydia pomonella L. (Hüber 1990) . For the "in vivo" production of viruses, host tissues should be used as efficiently as possible to obtain the maximum yield of biologically active virus per insect or recipient (Ignoffo 1966 , Shapiro 1986 ). Significant losses of virus may occur due to canibalism, death by other microoganisms, and insect survival to pupal stage, among other factors, as a result of unproper climatic conditions, insect density/recipient, larval size or instar at inoculation, virus dosage, etc (Shapiro 1986 ).
In Brazil, a NPV of the velvetbean caterpillar, Anticarsia gemmatalis Hübner (AgNPV), has been extensively employed as a microbial insecticide in soybean (Moscardi 1986 (Moscardi ,1989 , with the annual treated área reaching ca. 1,000,000 ha. (Moscardi 1990 , Moscardi & Sosa-Gomez 1992 . The production of the AgNPV has been mainly based on its multiplication on natural host populations, for further processing of dead larvae into a wettable-powder formulation (Moscardi 1989) . Although of very low cost, the amount of AgNPV produced in the field varies considerably from season to season due to climatic conditions and incidence of natural mortality factors, which influence larval abundance. Therefore, development of effective laboratory production methods of the AgNPV is necessary for its multiplication all year long and complement field-produced NPV.
Techniques for laboratory rearing of A gemmatalis were developed (Greene et al. 1976 , Hoffmann-Campo et al. 1985 , Parra et al. 1993 . However, attempts to produce the AgNPV in the laboratory by private companies were not cost effective. Therefore, this study was conducted to evaluate AgNPV production as related to the dose of inoculium, density of host larvae/recipient, and larval size or instar at the moment of inoculation by the NPV
Material and Methods
A. gemmatalis larvae were obtained from a colony established at CNPSo-EMBRAPA from larvae collected in the region of Londrina, Paraná, and maintained on artificial diet (Hoffmann-Campo et al. 1985) . The AgNPV isolate (LD-79) was obtained in 1979 from naturally-infected A. gemmatalis larvae in a soybean field near Londrina. This isolate is routinely produced for use as a microbial insecticide in Brazil (Moscardi 1989) . It was multiplied in 4th instar A. gemmatalis larvae by feeding the insects with artificial diet sprayed in the surface with a viral suspension containing 10 7 polyhedron inclusion bodies (PIB)/ ml. Dead larvae were collected daily and stored at -l 8°C for partial purification of PIB. Larvae were homogenized in a blender in distilled water + sodium dodecil sulfate (SDS) at 0.01 % and filtered through four layers of cheese cloth. The filtrate was centrifuged at 1,500 rpm for two minutes and the resulting supernatant was centrifuged at 7,000 rpm for 20 minutes. This sequence of centrifugation was repeated three times and the final pellet was suspended in distiled water. Number of PIB was quantified in a counting chamber (Brightline Hemocitometer).
One experiment was conducted with larvae of ca. 1.0, 1.5, 2.0, and 2.5 cm (density of 25/300-cardboard cup) inoculated with two AgNPV dosages (10 6 and 10 7 PIB/ml), sprayed (DeVilbiss hand sprayer) upon the diet surface. The second experiment consisted of two viral dosages (1.0x10 7 and 4.0x10 7 PIB/ml) three larval populations per cup (15, 20 and 25) , inoculated at four phases of larval deve-lopment: beginning of fourth instar (B4L), end of fourth instar (E4L), beginning of fifth instar (B5L), and end of fifth instar (E5L). Each treatment consisted of five cups, replicated four times. As the viral suspension dried on the diet surface, the larvae were transferred to the cups and maintained at room temperature (26-29°C). Evaluations on larval mortality were made daily up to pupation. NPV-dead larvae were weighted and stored at -18°C for further determination of PIB/larva/cup. A completely randomized design was used, and the means compared by the Duncan's test (P<0.05). Evaluated parameters were number of larvae killed by N P V, by other microorganisms, and by canibalism, number of larvae surviving to the pupal stage, weight of NPV-dead larvae, number of PIB/larva, and number of PIB/ recipient.
Results

Experiment 1.
The average number of AgNPV-dead larvae per cup was significantly higher for insects inoculated with 2.0 cm at 10 7 PIB/ml (Table 1) . However, at this combination, only 57.6% of the larvae died by the AgNPV Total losses in AgNPV production ranged from 42.4% to 64.0%, mainly due to canibalism and other causes (eg. bacteria), and to a lesser extent to insect pupation. The canibalism occurred either on alive larvae, weakened by NPV infection, or on freshly dead larvae, being higher among insects inoculated with 1.0 and 1.5 cm. At the lower dosage there was a clear and inverse relationship between increase in larval size at inoculation and canibalism. Fosses due to mortality by other causes ranged from 5.9 (23.6%) to 7.7 larvae (30.8%), at the lower dosage, with no significant differences found among the distinct larval sizes. At the higher dosage, they varied from 16.8% to 29.6%, being significantly higher among larvae infected with 2.5 cm. Losses due to pupation tended to be higher with the increase in larval size at inoculation. The increase in dosage did not result in a significative reduction in pupation, except for larvae infected with 2.0 cm. In gen- Table 1 . Number of larvae dead by different causes and of pupae obtained after inoculation of Anticarsia geminatalis at four larval sizes with two dosages of its NPV Initial larval population was 25 per 300-ml cup.
1 Means followed by same lower case letter, in the columns, or by same upper case letter, in the lines, are not different by the Duncan's test (P<0.05). Coefficients of variation (CV), from top to botton, were 12.9, 11.7, 31.4, and 32.2%, respectively. eral, the evaluated parameters were highly influenced by the larval size at inoculation (P<0.05).
Larvae infected with 2.0 cm, at the higher dosage (10 7 PIB/ml), provided the highest NPV Table 2 . Weight of NPV-dead larvae and number of polyhedron inclusion bodies (PIB) per 300-ml cup obtained after inoculation of Anticarsia gemmatalis at four larval sizes with two NPV dosages. Initial larval population was 25 per 300-ml cup.
production, considering weight of dead larvae and PIB/cup ( Table 2 ). The mean number of PIB/larva increased as size at inoculation increased, reaching a peak for larvae infected with 2.0 cm, and decreasing for those inoculated with 2.5 cm (Fig. 1) . Observed values Figure 1 . Mean number of polyhedron inclusion bodies (PIB)/larva (± SEM), obtained by inoculation of larvae of Anticarsia gemmatalis of different sizes (1.0, 1.5, 2.0, and 2.5 cm) with two NPV dosages. Abril, 1997 varied from 1.69x 10 9 (1.0-cm larvae) to 2.27x 10 9 PIB/larva (2.0-cm larvae) at the lower dosage, and from 1.98x 10 9 (1.0-cm larvae) to 2.65x 10 9 PIB/larva (2.0-cm larvae) at the higher dosage. These results, in conjunction with those in Table 1 , help explain the higher NPV production for larvae inoculated with 2.0 cm.
Experiment 2. In this trial a bether standardization of larvae at inoculation was sought, by selecting the insects by instar rather than by approximate size. The mean number of NPVdead larvae per cup was significantly higher for larvae inoculated as early 5th instar (B5L) at 25 larvae/cup, for both NPV dosages (Table 3). In these conditions, 89.2% to 90.0% of the larvae died by NPV As larval density was reduced, there was a clear trend of lower numbers of AgNPV-dead larvae/cup, although the highest efficiency (96.7%) in AgNPV-dead larvae production was obtained for B4L at 15 larvae/cup, at the higher dosage. Lower losses of NPV-dead larvae occurred for those inoculated as B4L or B5L, at 25 larvae/cup (Tables 4 -6). On the other hand, the losses, except by pupation, tended to decrease as larval density/cup was reduced, mainly for E4L and E5L, probably due to a lower competition for food at lower densities. Canibalism was significantly higher among E4L, at 1.0x 10 7 PIB/ml and 25 larvae/cup, decreasing at lower densities (Table 4) . At 4.0x l0 7 PIB/ml caniba- Table 3 . Number of NPV-dead larvae obtained after inoculation of Anticarsia gemmatalis at four larval development stages and three populations per 300-ml cup, with two NPV dosages. Table 4 . Mean number of larvae dead by canibalism after inoculation of Anticarsia gemmatalis at four larval development stages and three populations per 300-ml cup, with two NPVdosages.
lism was significantly lower among B5L at 25 larvae/cup, with highest values observed for E4L and E5L. The average number of deaths by other causes (Table 5 ) was also significantly higher for E4L and E5L, at the higher dose and larval population/cup. Similarly to the canibalism, this factor induced lower losses at lower larval densities. The increase in dosage led to a substantial decrease in the mortality by other causes, except for E5L at 25 larvae/ cup, with losses varying from zero (B4L) to 18.4% (E5L). Losses due to pupation were low for B4L and B5L, moderate for E4L, and high for E5L (Table 6 ). For E5L, at the lower NPV dosage, losses represented 33.2%, 30.5%, and 43.3%, respectively at 25,20, and 15 larvae per cup, compared to 2.4%, 9.0%, and 10.7% for B5L. Therefore, insect pupation was generally higher at lower larval densities/cup, and decreased with the increment in NPV dosage. Table 5 . Mean number of larvae dead by other causes after inoculation of Anticarsia gemmatalis at four larval development stages and three populations per 300-ml cup, with two NPV dosages.
1 Means followed by same lower case letter, in the columns, or by same upper case letter, in the lines, were not different by the Duncan's test (P<0.05). Coefficient of variation (CV) was 25.9% for the lower dosage. 2 For the higher dosage there was no homogeneity of variances.
The mean weight of AgNPV-dead larvae/ cup (Table 7) was significantly higher for B5L at 25 larvae/cup, decreasing with the reduction in the initial number of larvae/recipient. Although E5L had a greater body length (ca. 2.5 cm) at inoculation, they resulted in the lowest weight of NPV-dead larvae per cup, because of high incidence of canibalism, mortality by other causes, and pupation (Tables  4 -6 ). At the lower NPV dosage losses totalled 49.1% for E5L as opposed to 10% for B5L. On the other hand, B4L had low levels of losses, but resulted in mean weights of NPV-dead larvae/cup similar to those observed for E5L, due to the smaller size and lower weight of individual B4L at death. The mean number of PIB per cup (Table 8) followed a similar trend, since it is strongly correlated to the larval weight at death (F. Moscardi, unpublished data) . At 25 larvae/cup the NPV production Table 6 . Mean number of pupae obtained after inoculation of Anticarsia gemmatalis larvae at four larval development stages and three populations per 300-ml cup, with two NPV dosages.
1 Means followed by same lower case letter, in the columns, or by same upper case letter, the lines, are not different by the Duncan's test (P<0.05). Coefficient of variation (CV) was 16.2% for the lower dosage. 2 For the higher dosage there was no homogeneity of variances.
varied from 2.7x 10 10 (E5L) to 5.8x 10 10 PIB/ cup (B5L), for the lower AgNPV dosage, and from 2.9x 10 10 (B4L) to 5.7x 10 10 PIB/cup (B5L), for the higher dosage. Mean PIB/larva increased from 1.4x 10 9 (B4L) to 2.5x 10 9 (B5L), decreasing for E5L (2.2x 10 9 ). Furthermore, there was a trend of an increase in PIB/larva with the reduction in the initial larval density/cup, as can be drawn from the tables.
Discussion
The optimization of AgNPV productic was highly dependent on the studied varia, bles, specially larval size or instar at inoculation, or their interaction, as discussed for other viruses (Shapiro 1982 (Shapiro ,1986 . Selecting insects by approximate size (experiment 1) was less efficient than by phase of larval development Table 7 . Mean weight of NPV-dead larvae per 300-ml cup obtained after inoculation of Anticarsia gemmatalis larvae at four larval development stages and three populations per 300-ml cup, with two NPV dosages.
(experiment 2). In the former, the low NPV yields can be attributed to the difficulty in standardizing larvae at inoculation, resulting in higher canibalism and losses by other causes. However, the two experiments were not carried out simultaneously, such that the A. gemmatalis cohorts utilized might have been distinct enough (eg. vigour) to contribute for the substantial differences found between the two trials. However, it was evident that a better standardization of larvae was important to reduce losses in NPV production, since E4L and E5L (more difficult to standardize) resulted in higher losses in NPV production than B4L and B5L (selected during ecdysis).
The highest yield of AgNPV was achieved by inoculating B5L at 25 larvae/300-ml cup, either at 1.0x 10 7 or 4.0x 10 7 PIB/ml. However, optimizing production by adjusting these and other parameters is variable with each spe- Table 8 . Mean number of polyhedron inclusion bodies (PIB) of the NPV of Anticarsia gemmatalis obtained per 300-ml cup after inoculation of larvae at four phases of development and three populations per cup, with two NPV dosages. 1 For the lower dosage there was no homogeneity of variances. 2 Means followed by same lower case letter, in the columns, or by same upper case letter, in the lines, are not different by the Duncan's test (P<0.05). Coefficient of variation (CV) was 14.9% for the higher dosage. cific host, virus isolate, and laboratory conditions (Shapiro 1986) . for the NPV of Heliothis (Helicoverpa) spp., maximum production was attained by inoculating five-day-old larvae (Shieh & Bohmfalk 1980 ). In contrast, Shapiro et al. (1981) reported that larvae infected in late instars produced more virus than those infected in early instars. This was also observed by Harper (1970) with Peridroma saucia (Hbn.) infected in mid 5th instar, by Huber & Dickler (1977) with Rhyacionia buoliana (Schif.) inoculated as late 4th or early 5th instar, and by Shapiro (1986) with L. díspar inoculated as 5th instar.
These differences regarding the moment of inoculation for distinct virus-host systems are probably related to the virus dosage and larval density/recipient utilized in each test.
